Plain language summary
======================

Advances in the management of heart failure (HF), including diagnostic procedures and treatments, together with a growing elderly population, show that it is necessary to assess changing trends in the epidemiology of this debilitating condition. This study assessed trends in the annual incidence rate and prevalence and mortality of HF and examined the diagnostic work-up of patients with HF in Sweden using data derived from national health registers and regional electronic medical records from the counties of Uppsala and Västerbotten. The results show that between 2010 and 2014, the annual incidence rate of HF declined nationally and regionally in Sweden while the prevalence of HF increased, indicating improvements in the management of underlying risk factors and an increasingly aging population living with HF. The overall decreased contribution from ischemic heart disease and myocardial infarction as causes of death further reinforce the improvement in underlying risk factors. Nevertheless, we showed that patients experienced relatively high all-cause and cardiovascular-related mortality. Most patients (almost two thirds) had not received an echocardiogram in the 6 months before and after their HF diagnosis, a trend that was improving over time but still did not exceed half of newly diagnosed patients. These results suggest that there is a growing population of elderly patients with HF in Sweden and that appropriate diagnostic work-up in these patients is not ideal while slowly improving.

Introduction
============

Heart failure (HF) poses a major clinical and public health challenge globally, affecting \~40 million people worldwide in 2015.[@b1-clep-11-231] As one of the leading causes of hospitalizations, morbidity, and mortality, particularly among the elderly, HF is associated with considerable suffering of individual patients and a financial burden for healthcare systems.[@b2-clep-11-231]

The prevalence of HF depends on the definition used as well as on the age distribution of the population being assessed, but in Western countries it is estimated to affect \~1%--2% of the adult population,[@b3-clep-11-231]--[@b6-clep-11-231] while the incidence rate is generally estimated to be 2--5/1,000 person-years.[@b4-clep-11-231],[@b7-clep-11-231] A Swedish study conducted in patients hospitalized with HF showed a decrease in hospitalization rates from 1993 to 2000 and a temporal decrease in 1-year mortality.[@b8-clep-11-231] In addition, data from an urban population in Sweden between 2006 and 2010 showed no major change in prevalence but a slight decline in annual incidence rate of HF.[@b5-clep-11-231] Despite improvements being observed in the survival of patients with HF over recent years, overall prognosis remains poor,[@b2-clep-11-231],[@b9-clep-11-231] with survival estimates of \~50% at 5 years after initial diagnosis of HF.[@b10-clep-11-231]--[@b12-clep-11-231] Of particular concern is the increasing trend of younger adults (18--54 years) being hospitalized for HF.[@b10-clep-11-231],[@b13-clep-11-231]

Diagnosis of HF is challenging, particularly so in the elderly because many of the characteristic signs and symptoms are non-specific and serve only to raise suspicion of HF rather than to give a definitive diagnosis, thus limiting their diagnostic value.[@b14-clep-11-231],[@b15-clep-11-231] With evolving changes in patient demographics and overall HF management, including diagnostic procedures and treatment regimens, there is need for an improved understanding of the temporal trends in the epidemiology of HF. In particular, an insight into changes in HF annual incidence rate and prevalence is necessary to inform healthcare stakeholders on the burden of HF to determine its impact on allocation of hospital resources.

In this study, we confirm trends in the incidence rate and prevalence of HF in more recent years, and evaluate the use of recommended diagnostic tests in patients with newly diagnosed HF, and trends in mortality in the HF population. Key questions that this analysis aims to answer include: 1) are the annual incidence rate and prevalence of HF increasing or declining in Sweden, both nationally and regionally? 2) how does the diagnostic work-up of patients in real clinical practice compare with recommendations made in management guidelines and does this change over time? 3) have advances in the treatment of HF translated into patients living longer?

Patients and methods
====================

Study design
------------

This was a retrospective, non-interventional cohort study using national and regional longitudinal, patient-level data for patients with HF in Sweden. Since the care of patients with HF varies, with some patient groups being managed predominantly in a hospital setting and others in primary care, we examined two different cohorts so that we may highlight all aspects of HF management: a national cohort of all patients with HF in secondary care in Sweden (inpatient and outpatient); and a regional cohort consisting of patients from two different counties in Sweden, encompassing electronic medical records (EMR) data from both primary and secondary care. Data were extracted from national health registers, including the National Patient Register (NPR), the National Dispensed Drug Register, and the Cause of Death Register, as well as from EMRs and local echocardiography (echo) registries from the Swedish counties of Uppsala and Västerbotten. Data were linked based on the unique national personal identification numbers issued by the National Board of Health and Welfare. Data were anonymized before the linked database was released to the research group. Ethical approval was obtained from the regional Ethical Review Board in Uppsala, Sweden (2015-045) before data were extracted. No informed consent was required for this retrospective, anonymized study.

Patients
--------

Adult patients who were aged ≥18 years and who had at least two documented HF diagnoses that were treated in primary and secondary care settings were included in the study. The opportunity to analyze both primary and secondary care patients by linking the Swedish NPR data with EMR (PC) data encompasses the challenge of distinct HF diagnosis specificity across the two settings. In order to overcome this challenge, two HF diagnoses were required to reduce the uncertainty surrounding HF diagnosis in primary care and increase overall diagnosis specificity. This criteria has been consistently applied across the two cohorts analyzed. A diagnosis of HF was defined as having International Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) diagnostic codes of I50 (inclusive of all granular codes), I42.0, I42.6, I42.7, I42.9, I11.0, I13.0, or I13.2 as primary or secondary diagnoses. Eligible patients were classified into two cohorts. Cohort 1 (the national cohort) comprised patients with HF diagnoses registered in the NPR from secondary care between January 2005 and December 2013, both hospitalizations and outpatient visits, while cohort 2 (the regional cohort, comprising patients from the counties of Uppsala and Västerbotten) included patients with HF diagnoses registered in EMRs from either primary or secondary care between January 2010 and March 2015. The Pygargus Customized eXtraction Program (CXP 3.0) was used to extract data from EMRs in Uppsala (two hospitals and 46 primary care centers \[PCCs\]) and Västerbotten (three hospitals and 37 PCCs) that was subsequently linked to data from the national health registers including the NPR. HF phenotype (ie, HF with preserved ejection fraction \[HFpEF\] and HF with reduced ejection fraction \[HFrEF\]) was determined based on data from local echo registries for cohort 2 (but not for cohort 1 since local echo data were unavailable in the NPR). HFpEF was defined as a left ventricular ejection fraction (LVEF) of at least 50% and HFrEF as a LVEF of \<50%.

Data extraction and study timelines
-----------------------------------

Patient data for cohort 1 were extracted from the NPR based on an observed HF diagnosis between 1997 and 2013 and for cohort 2 from EMRs and NPR on the basis of an observed HF diagnosis in 1994--2015 for Uppsala County and 1992--2016 for Västerbotten County. The study inclusion (analysis) period was January 1, 2005 to December 31, 2013 for cohort 1, which was extended to December 31, 2014 for the analyses of annual incidence rate and prevalence; and January 1, 2010 to March 31, 2015 for cohort 2 ([Figure 1A](#f1-clep-11-231){ref-type="fig"}). When defining baseline patient characteristics and evaluating the use of diagnostic procedures, the index date was defined as the date of first HF diagnosis since it was expected that around this time more tests and procedures would be performed. However, for analyzing the incidence rate, prevalence, and mortality, the index date was defined as a patient's second HF diagnosis to improve accuracy of prevalence and incidence and avoid immortal time bias. Follow-up was defined as the period between the second HF diagnosis and the end of the study, end of EMR collection for those patients who moved to another region, or date of death, whichever came first.

For each cohort, patient records were reviewed during a "look-back" period that preceded the analysis period to exclude prevalent HF cases. For cohort 1, the look-back period in the NPR extended from January 1, 1997 for inpatient care and January 1, 2001 for outpatient care, ending December 31, 2004. For cohort 2, the look-back period in EMR data was from first data available until December 31, 2009, while for NPR data it extended from the same time point as for cohort 1, ending December 31, 2009 ([Figure 1](#f1-clep-11-231){ref-type="fig"}). As such, patients in whom HF was diagnosed during the look-back period and who survived into the analysis period were classified as the prevalent HF population, while patients in whom HF was diagnosed during the analysis period were classified as the incident HF population.

Variables analyzed and statistical analyses
-------------------------------------------

All analyses, except for prevalence and trends in mortality for the national prevalent population, were performed on incident patients. Baseline patient demographics and clinical characteristics, as well as baseline laboratory measures, were described using descriptive statistics. Comorbidities, summarized for both cohorts based on a predefined list of ICD-10 codes ([Table S1](#SD1-clep-11-231){ref-type="supplementary-material"}), were collected from both primary (EMR) and secondary care (EMR and NPR) data, using the primary and secondary diagnoses of all healthcare visits that occurred 0--5 years before the index date. The Charlson comorbidity index (CCI) scores at 0--5 years prior to index, ranging from 0 to \>10 (where higher scores indicate greater comorbidity), were calculated for each cohort. Crude, age-specific, and age-adjusted annual incidence rate and prevalence of HF were estimated for the years 2010--2014 at a national level (cohort 1; NPR) and regional level for the counties of Uppsala and Västerbotten (cohort 2; NPR and EMR). Data for the population at risk and the distribution of age in the Swedish population were sourced from Statistics Sweden's population statistics.[@b16-clep-11-231] Crude annual incidence rate was estimated as the total number of patients in whom HF was diagnosed in a calendar year divided by the official adult population on 31 December of the year being analyzed. Crude annual prevalence was estimated as the total number of patients with HF who were alive during a calendar year and as a percentage of the total population on 31 December of the year under analysis. Age-adjusted annual incidence rate and prevalence were estimated as the weighted average of age-specific values using population weights based on the Swedish official population from 2015.[@b16-clep-11-231] The annual incidence rate is presented as the number of cases per 1,000 inhabitants per year and includes 95% CIs, while prevalence is presented as a percentage of the Swedish adult population and 95% CI.

The diagnostic work-up of patients in cohort 2 was described based on data of performed diagnostic tests, ie, N-terminal pro-B-type natriuretic peptide (NT-proBNP) testing and echo. Of note, local echo registries did not include private practices in Uppsala County or the smallest hospital in Västerbotten County. The number of patients in whom each test was performed during the 6 months before and after the first HF diagnosis (index date) are presented by year of diagnosis and stratified by age, sex, and setting of first HF diagnosis.

All-cause mortality, as determined by Kaplan--Meier-estimated death rates, was estimated for both cohorts while cardiovascular disease (CVD)-related mortality was estimated through cumulative incidence function. CVD-related mortality was identified as the underlying main cause of death within the NPR and it is defined as through a list of ICD-10 codes capturing a broad array of cardiovascular-related disease (D50--D53, D55--D64 \[anemia\], I48 \[atrial fibrillation\], I60--I69 \[cerebrovascular disease\], N18 \[chronic kidney disease\], J40--J44, J47 \[COPD\], E10--E14 \[diabetes\], E78 \[dyslipidemia\], I10--I13, I15 \[hypertension\], I20--I25 \[ischemic heart disease\], I73.9 \[peripheral artery disease\], I61--I64 \[stroke\]). All-cause mortality was modeled by Cox proportional hazards regression with comparison groups stratified by age group (reference group: 18--54 years), sex (reference group: female), and year of HF diagnosis (reference group: 2005, cohort 1; 2010, cohort 2), as well as setting of HF diagnosis (reference group: primary care), HF phenotype (reference group: HFpEF), and NT-proBNP level (reference group: 0--300 pg/mL) for cohort 2. Similarly, CVD-related mortality was modeled by Fine and Gray model, which accounts for competing risks from other causes of death.[@b17-clep-11-231] HRs, adjusted for the variables mentioned, and 95% CIs were estimated for all mortality statistics. Additional analyses of trends in mortality in cohort 1 were conducted, including causes of death in the prevalent HF population, as well as patient characteristics and trends in HF treatment by year of diagnosis in the incident population. Trends in mortality and causes of death, as well as trends in pharmacological management of patients were tested using the Cochran-Armitage test, while trends in patient characteristics were tested using a linear regression method. It should be noted that the trends described for cause of death are based on the number of deaths during a specific year, in relation to the number of patients alive at the beginning of that year.

SAS version 9.3 or higher was used for statistical analysis and data management.

Results
=======

Study population
----------------

A total of 584,021 patients with a diagnosis of HF were identified from the Swedish NPR (cohort 1) and 33,120 patients from the Uppsala County and Västerbotten County EMRs (cohort 2; [Figure 1B](#f1-clep-11-231){ref-type="fig"}). Of these patients, 273,999 in cohort 1 and 22,812 in cohort 2 had at least two HF diagnoses during the respective analysis periods and were alive at the beginning of the period ([Figure 1B](#f1-clep-11-231){ref-type="fig"}). The incident patients of each cohort corresponded to those with no HF diagnoses during the respective look-back periods: 174,537 patients in cohort 1 and 8,702 in cohort 2 ([Figure 1B](#f1-clep-11-231){ref-type="fig"}). Among the incident patients in cohort 1, 80% received their first diagnosis in the inpatient setting and 20% in the outpatient specialist setting ([Table 1](#t1-clep-11-231){ref-type="table"}). In comparison, in cohort 2, where also primary care data were available, 53% received their first diagnosis in the inpatient setting, 25% in the outpatient specialist and 17% in the primary care setting ([Table 1](#t1-clep-11-231){ref-type="table"}). Furthermore, in cohort 2, 3,998 patients (46%) had at least one HF diagnosis recorded from primary care, of which 767 patients (9%) had exclusively primary care diagnoses, suggesting that they were never seen by a cardiologist. Altogether, information on HF phenotype was available for 3,167 (36.4%) patients in cohort 2; of these, 2,047 (64.6%) were classified as having HFrEF and 1,120 (35.4%) were classified as having HFpEF ([Table 1](#t1-clep-11-231){ref-type="table"}).

Annual incidence rate and prevalence of HF (2010--2014)
-------------------------------------------------------

In cohort 1, the age-adjusted annual incidence rate (95% CI) of HF per 1,000 inhabitants in the incident HF population decreased from 3.20 (3.16--3.24) in 2010 to 2.91 (2.87--2.95) in 2014, while the age-adjusted prevalence of HF in the prevalent HF population increased from 1.61% (1.60--1.62) to 1.72% (1.71--1.72) over the same time period ([Figure 2A](#f2-clep-11-231){ref-type="fig"}). The age-adjusted annual incidence rate and prevalence of HF were higher in men than in women in every year analyzed ([Table S2](#SD1-clep-11-231){ref-type="supplementary-material"}). In general, when incidence rate and prevalence were analyzed by age group, similar trends in those seen for the overall cohort were observed, and rates were highest for patients aged ≥85 years ([Figure 2B](#f2-clep-11-231){ref-type="fig"}).

Taking diagnoses in both primary and secondary care into account, the incidence rate and prevalence of HF were higher in cohort 2 than in cohort 1 ([Figure 2A](#f2-clep-11-231){ref-type="fig"}). In 2010, the age-adjusted annual incidence rate of HF was 4.34 (95% CI: 4.15--4.52) in the cohort 2 incident population, which declined to 3.33 (95% CI: 3.16--3.49) in 2014. In the prevalent population, age-adjusted prevalence in 2010 and 2014 were 2.15 (95% CI: 2.11--2.19) and 2.18 (95% CI: 2.14--2.23), respectively ([Figure 2A](#f2-clep-11-231){ref-type="fig"}). The overall trends mirrored those seen in cohort 1, and the incidence rate and prevalence were higher in men than in women ([Table S1](#SD1-clep-11-231){ref-type="supplementary-material"}). HF incidence rate and prevalence in cohort 2 were highest in the very elderly patients (aged ≥85 years); however, the prevalence of HF in older patients (aged ≥75 years) in cohort 2 declined slightly in 2014 compared with that in 2010, whereas in patients aged between 18 and 74 years, there was a trend for increasing prevalence over time, as observed for cohort 1 ([Figure 2B](#f2-clep-11-231){ref-type="fig"}).

Incident patient baseline demographics and clinical characteristics
-------------------------------------------------------------------

In general, patient demographic and clinical characteristics for cohorts 1 and 2 were similar, with a higher proportion of men in each cohort (cohort 1, 53.1%; cohort 2, 54.0%; [Table 1](#t1-clep-11-231){ref-type="table"}). Mean ages in cohorts 1 and 2 were 77.4 and 76.6 years, respectively, and almost 30% of patients in both cohorts were aged ≥85 years. When cohort 2 was stratified by LVEF, patients with HFpEF were found to be older than those with HFrEF (mean, 74.2 and 69.9 years, respectively), although patients with unknown LVEF had the highest mean age (79.5 years; [Table 1](#t1-clep-11-231){ref-type="table"}). Of those with a recorded LVEF, 573 of a total of 1,241 (46.2%) women had HFpEF, compared with 547 of 1,926 (28.4%) men. Notably, the subgroup of patients with HFrEF had higher mean levels of NT-proBNP, ferritin, and hemoglobin, in addition to higher pulse rate and estimated glomerular filtration rate, than patients in the HFpEF and unknown LVEF subgroups ([Table 2](#t2-clep-11-231){ref-type="table"}). Systolic blood pressure was higher in patients with HFpEF and in those with unknown LVEF than in those with HFrEF ([Table 2](#t2-clep-11-231){ref-type="table"}).

The most prevalent comorbidities observed for cohorts 1 and 2 during the 5-year period before the first HF diagnosis were hypertension, atrial fibrillation (AF), and ischemic heart disease (IHD), defined as angina or myocardial infarction (MI) ([Table 1](#t1-clep-11-231){ref-type="table"}). In cohort 2, the prevalence of comorbidities tended to be higher in patients with HFpEF than in those with HFrEF, except for IHD (16.9% vs 22.2% for HFpEF vs HFrEF, respectively), cerebrovascular disease (9.2% vs 9.4%) and peripheral artery disease (2.1% vs 2.6%). Compared with patients in the HFpEF subgroup, those with unknown LVEF had, in general, a higher prevalence of comorbidities, including stroke, hypertension, cerebrovascular disease, IHD, and cognitive disorders (dementia and Alzheimer's disease).

Analysis of baseline patient characteristics of the incident population by year of HF diagnosis in cohort 1 showed significant trends (*P*\<0.0001) for increasing mean CCI and a decline in the proportion of patients with MI at 0--5 years before diagnosis ([Table S3](#SD1-clep-11-231){ref-type="supplementary-material"}).

Diagnostic work-up in cohort 2
------------------------------

The proportion of patients in cohort 2 receiving NT-proBNP testing, an echo, or both tests generally increased over time between 2010 and 2015, while consistently fewer than half of newly diagnosed patients received an echo across all years ([Figure 3A](#f3-clep-11-231){ref-type="fig"}). Overall, during this period, 7,264/8,702 (83.5%) patients underwent NT-proBNP testing in the period starting 6 months before and ending 6 months after the first HF diagnosis. By contrast, an echo was identified for only 3,167 patients (36.4%). Approximately one third of all patients (32.9%) underwent both tests. Patients receiving a diagnosis of HF in primary care were less likely to have an echo than those receiving a diagnosis of HF in either inpatient or outpatient secondary care ([Figure 3B](#f3-clep-11-231){ref-type="fig"}); however, echo testing was conducted in fewer than half of the patients with a first diagnosis of HF in secondary care. The use of NT-proBNP testing was similar, regardless of sex (data not shown), although men were more likely than women to have echo testing (n=1,926/4,695 \[41.0%\] vs n=1,241/4,007 \[31.0%\], respectively) and to receive both tests (36.6% vs 28.6%).

Trends in all-cause and CVD-related mortality
---------------------------------------------

### Cohort 1 (incident patient population)

An increase in 1- and 3-year all-cause mortality and CVD-related mortality ([Tables 3](#t3-clep-11-231){ref-type="table"} and [S4](#SD1-clep-11-231){ref-type="supplementary-material"}) was observed with increasing age (HR 11.38 \[95% CI 10.41--12.44\] for all-cause mortality in patients aged 85 and above vs patients aged 18--54 years, and sub-distribution HR (SHR) 14.89 \[95% CI 12.97--17.09\] for CVD-related mortality comparing the corresponding age groups). Furthermore, both 1-year all-cause and CVD-related adjusted mortality were higher in men compared with women (HR 1.07 \[95% CI 1.06--1.09\] and SHR 1.04 \[95% CI 1.02--1.07\], respectively) ([Table 3](#t3-clep-11-231){ref-type="table"}). Finally, 1-year all-cause and CVD-related mortality showed a decreasing trend by year of diagnosis ([Table 3](#t3-clep-11-231){ref-type="table"}). A sensitivity analysis of the mortality trends analyzed in cohort 1 ([Tables 3](#t3-clep-11-231){ref-type="table"} and [S4](#SD1-clep-11-231){ref-type="supplementary-material"}) has been performed, where the inclusion criteria of having at least two HF diagnoses has been relaxed to only requiring at least one HF diagnosis. The analysis includes a total of 282,893 patients and results are presented in [Table S5](#SD1-clep-11-231){ref-type="supplementary-material"} and [S6](#SD1-clep-11-231){ref-type="supplementary-material"}.

Cohort 1 (prevalent patient population)
---------------------------------------

For the prevalent HF population, there was a gradual but statistically significant decline in all-cause and CVD-related mortality from 2005 (17.7% and 15.0%, respectively) to 2013 (15.5% and 12.9%, respectively; *P*\<0.0001). CVD-related mortality accounted for most all-cause deaths (83.4%--85.0%).

The four most common causes of death in the prevalent HF population in cohort 1 were chronic IHD, MI, HF, and AF/flutter ([Figure 4](#f4-clep-11-231){ref-type="fig"}). While death from chronic IHD and MI tended to decline between 2005 and 2013, death resulting from HF and from AF/flutter increased (*P*\<0.0001 for trends over time). Additional common causes of death that changed significantly over time were unspecified diabetes mellitus, which decreased (*P*=0.0417), and stroke (*P*=0.0072) and non-rheumatic aortic valve disorder (*P*=0.0023), both of which increased.

Cohort 2 (incident patient population)
--------------------------------------

As seen in cohort 1, estimates for all-cause and CVD-related mortality in the incident patient population at 1 and 3 years post-HF diagnosis were higher for women than for men, although no statistically significant difference in the risk (HR) of 1-year mortality was observed between sexes ([Tables 4](#t4-clep-11-231){ref-type="table"} and [S7](#SD1-clep-11-231){ref-type="supplementary-material"}). Statistically significant associations in 1-year all-cause and CVD-related mortality were found with increasing patient age (aged ≥75 years), diagnosis of HF in secondary care compared to primary care and increased NT-proBNP level around the time of diagnosis (\>3,000 pg/mL; [Tables 4](#t4-clep-11-231){ref-type="table"} and [S7](#SD1-clep-11-231){ref-type="supplementary-material"}). When compared with the HFpEF subgroup, HFrEF was associated with a reduced risk of 1-year all-cause mortality (HR 0.77 \[95% CI 0.62--0.96\]), with the corresponding HR for HFpEF vs unknown LVEF of 0.85 (95% CI 0.70--1.02). However, the trend was opposite for CVD-related mortality, while the 95% CI spanned 1. ([Table 4](#t4-clep-11-231){ref-type="table"}). Finally, no differences were observed for all-cause or CVD-related 1-year mortality, when comparing year of diagnosis.

Discussion
==========

Our data show that between 2010 and 2014 the age-adjusted annual incidence rate of HF in Sweden was decreasing, while prevalence was increasing both in the national cohort and in the counties of Uppsala and Västerbotten. In addition, the majority of newly diagnosed patients received their first diagnosis in the inpatient setting, while very few were managed exclusively in primary care. There seems to be a discrepancy between recommendations in management guidelines and clinical practice in the diagnostic work-up; NT-proBNP testing was widespread and used for diagnosis in the majority of patients, while echo seemed to be underutilized, especially in patients diagnosed in primary care. Although over time we observed an increasing use of echo to determine diagnosis. Finally evaluation of mortality in both incident and prevalent populations, indicated that patients indeed live longer with their HF, while the mortality rate remains substantial.

The observed overall epidemiological trends align with results from previous reports. In a cross-sectional study using administrative health data from primary and secondary care during 2006--2010, based on data from 2.1 million inhabitants in Stockholm County, Sweden, the prevalence of chronic HF remained largely unchanged, whereas the annual incidence rate declined by 24% in the same period.[@b5-clep-11-231] Compared to the study by Zarrinkoub et al,[@b5-clep-11-231] the results from this study are newer and reflect the latest trends as well as the whole population instead of a single urban district. Our work also has the benefit of a confirmatory cohort with EMR data to add to the validity. The increase in prevalence that we observe is perhaps the most striking difference. Similarly, a review reporting the results of numerous HF studies showed a decline in the incidence rate of HF since the mid-1990s and an increase in HF prevalence, with additional recent studies confirming these trends.[@b9-clep-11-231],[@b18-clep-11-231],[@b19-clep-11-231] Combined, these findings suggest potential improvements in both the management of IHD, hypertension, and other underlying heart diseases and the treatment of HF following diagnosis, leading to an increasingly aging patient population with HF. Notably, we did not observe an increasing incidence rate among younger adults, as previously described by Barasa et al and Christiansen et al.[@b10-clep-11-231],[@b13-clep-11-231] In these studies, however, an increasing HF incidence rate was observed in hospitalized patients and therefore may not have reflected a true increased incidence rate in young adults, but a trend for increased inpatient care. Finally, our observation that over half of patients in cohort 2, which covers primary care, received their first diagnosis in the inpatient setting is worrisome, provided the poor prognosis of patients reported by Koudstaal et al[@b20-clep-11-231]

The increase in HF prevalence over time in the current study complements the small but progressive decline in all-cause mortality observed in the national prevalent HF population between 2005 and 2013. This was also the case for newly diagnosed patients, where relative to 2005, the HR for 1-year all-cause and CVD mortality declined, although still coupled with a high mortality rate. We also examined the most common causes of death between 2005 and 2013 in the national HF population, which were found to be chronic IHD and MI. However, we observed a significant decline in these events over time and an increase in HF as a cause of death. Similar trends have been noted elsewhere, including in the USA, whereby age-adjusted mortality (standardized to the 2,000 US population) attributed to IHD declined nationally between 2000 and 2015, but death attributed to HF saw an upward trend from 2012 to 2015.[@b21-clep-11-231] It is plausible that these findings reflect an increased focus and success in managing IHD, MI, and associated risk factors,[@b22-clep-11-231] whereas efforts to manage HFpEF and related diseases (eg, AF) have been less successful.[@b23-clep-11-231] Analysis of incident HF patient characteristics in cohort 1 according to year of HF diagnosis revealed significant trends in the proportion of patients with prior MI, which decreased from 13.5% in 2006 to 10.8% in 2013 (*P*\<0.0001), suggesting that MI is becoming a less frequent cause of HF. Furthermore, an increase in mean CCI over time in incident patients was observed (from 1.4 in 2006 to 1.7 in 2013; *P*\<0.0001). This increasing comorbidity burden might explain why the 1-year mortality of new onset HF remains high and stresses the need for intense evaluation and care of newly diagnosed patients with HF.

An important finding from this study was the limited use of echo for the diagnostic work-up of HF, particularly in primary care in which fewer than 20% of patients had an echo in the period 6 months before and after first HF diagnosis. A lack of availability of echo testing in the primary care setting may be one potential reason for this finding. There are also other scenarios that could explain this surprisingly low number, including longer than 6 months waiting times for echo validation, or if the patient is suspected of having HF, does not receive a diagnosis at the index visit, but is referred for an echo and is thereafter managed by nurses for more than 6 months, who support up-titration of medicines. By contrast, NT-proBNP testing during diagnostic work-up was used in the majority of patients in cohort 2 (83.5%), signifying a widespread acceptance of this diagnostic measure, which is readily available in primary care. Although the actual proportion of patients receiving an echo close to the time of their diagnosis may be slightly larger due to limitations in data extraction, nevertheless, these findings are notable because recommendations made by the European Society of Cardiology state that an echo is pivotal for the diagnosis of HF, because it provides information such as chamber volumes and ventricular systolic and diastolic function that is pertinent for establishing diagnosis and phenotype, and optimizing the treatment plan for patients.[@b3-clep-11-231] A substantial proportion of patients in our study (approximately two thirds) were aged ≥75 years. Elderly patients with HF tend to have a myriad of comorbidities that can interfere with the diagnostic process;[@b3-clep-11-231] they are also more likely to be managed by non-cardiologists.[@b24-clep-11-231] Indeed we note that patients in cohort 2 that had missing echo data had a considerably higher mean age, compared to both HFrEF and HFpEF.

Finally, from a gender perspective we confirm previously reported epidemiological differences with higher male incidence and prevalence.[@b5-clep-11-231] Interestingly, similar to previous studies,[@b5-clep-11-231] mortality was elevated among male patients in cohort 1, capturing the secondary care perspective, while this was not the case in the cohort 2, which was ascertained from EMR that also captures patients managed in primary care of Uppsala and Västerbotten counties. Provided this finding, ensuring that also female patients get similar access to echo is important.

A limitation of this study, as with most retrospective studies of this nature, was the challenge of identifying a cohort of patients with a confirmed and validated diagnosis of HF. Although the use of two diagnoses to define HF was expected to increase specificity, it could potentially have led to exclusion of more recent or milder cases of HF, as well as patients with the most severe disease who may have died after a single HF diagnosis. Diagnostic accuracy can also vary by care setting, while only 9% of patients in cohort 2 had diagnoses from primary care only. Another limitation concerned missing data for LVEF in cohort 2, where a large proportion of patients had missing values due to the absence of information on an echo. This may have introduced a level of bias for the diagnostic work-up evaluation, whereby echo use could be underestimated and also for the subgroups based on HF phenotype because it was not known whether missing values for LVEF were equally distributed between phenotypes. This makes it difficult to make broad assumptions on differences in epidemiology between HFpEF and HFrEF. However, patients with unknown LVEF tended to be older and have a high CCI, which indicates that these patients are more similar to patients with HFpEF than HFrEF. Moreover, owing to data constraints, the threshold for defining HFrEF was set as an LVEF of \<50%, which is higher than the ESC recommendation of \<40%, and therefore would have resulted in a larger number of patients being classified as having HFrEF.

Conclusion
==========

The number of people developing HF annually has declined over time between 2010 and 2014, while those with HF have survived longer with their condition, as reflected by the decreased annual incidence rate and increased annual prevalence of HF. In addition, we witnessed a declining prevalence of prior MI among patients diagnosed in later vs earlier years, while more patients carried a greater comorbidity burden. Diagnosis of HF relied predominantly on NT-proBNP testing and, as such, diagnostic work-up of HF was suboptimal, with the majority of patients not being followed up with guideline-recommended echo investigations. Our data show that many patients receive their first diagnosis in the inpatient setting and that HF is becoming an increasingly common cause of death; this indicates an increasing burden and a need for better coordinated care and management of HF.

Data availability
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![(**A**) Study timelines (analysis and look-back periods) for cohort 1 (national cohort) and cohort 2 (counties of Uppsala and Västerbotten) and (**B**) patient flow for cohort 1 (national cohort) and cohort 2 (counties of Uppsala and Västerbotten).\
**Notes:** ^a^The look-back for NPR data in cohort 2 extended from the same time points as for cohort 1 and ended on December 31, 2009; ^b^Look-back period extended from January 1, 1997 for inpatient care and January 1, 2001 for outpatient care; ^c^Incident HF patient population (prevalent HF population classified as those patients in whom HF was diagnosed during the look-back period and who survived into the analysis period). In cohort 1, data from 845,276 patients were extracted from the Swedish NPR on the basis of an observed HF diagnosis between 1997 and 2013, of which data for 174,537 patients met the inclusion criteria of at least two HF diagnoses in the analysis period (2005--2013) with no HF diagnosis in the look-back period (1997--2004). In cohort 2, data from 33,120 patients were extracted from the EMRs on the basis of an observed HF diagnosis between 1994 and 2015 (Uppsala County) and between 1992 and 2016 (Västerbotten County), of which data for 8,702 patients met the inclusion criteria of at least two HF diagnoses in the analysis period (2010--2015) and no HF diagnosis in the look-back period (NPR; 1997--2009, EMR; 1992--2009). The prevalent population (cohort 1, n=273,999; cohort 2, n=16,962) comprised those with a diagnosis of HF in the look-back period who were alive during the analysis period. The incident HF population comprised those with no HF diagnosis in the look-back periods.\
**Abbreviations:** EMR, electronic medical record; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NPR, National Patient Register.](clep-11-231Fig1){#f1-clep-11-231}

![Annual incidence per 1,000 inhabitants and prevalence of HF during 2010--2014 in Sweden (cohort 1) and in the counties of Uppsala and Västerbotten (cohort 2).\
**Notes:** (**A**) Total age-adjusted; and (**B**) crude incidence and prevalence by age group. Estimates are based on data from the NPR (cohorts 1 and 2) and from primary and secondary care EMRs (cohort 2) for the period 2010--2014. Age-adjusted incidence and prevalence calculated using population weights based on the Swedish population in 2015.[@b16-clep-11-231] ^a^Second HF diagnosis used as the index date.\
**Abbreviations:** EMRs, electronic medical records; HF, heart failure; NPr, National Patient Register.](clep-11-231Fig2){#f2-clep-11-231}

![Diagnostic work-up of patients in cohort 2 in the 6 months before and after the year of first HF diagnosis: (**A**) by index year and (**B**) according to setting of HF diagnosis.\
**Note:** ^a^First HF diagnosis used as the index date.\
**Abbreviations:** Echo, echocardiography; HF, heart failure; NT-proBNP, N-terminal pro-B-type natriuretic peptide.](clep-11-231Fig3){#f3-clep-11-231}

![Trends in the most common causes of death for the prevalent HF population (cohort 1) between 2005 and 2013.\
**Notes:** The percentages are relative to the number of all-cause deaths. "n" represents the number of prevalent patients at each year. Trends were significant (*P*\<0.0001, Cochran--Armitage test) for chronic IHD, MI, HF, AF, and flutter over time.\
**Abbreviations:** AF, atrial fibrillation; HF, heart failure; IHD, ischemic heart disease; MI, myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.](clep-11-231Fig4){#f4-clep-11-231}

###### 

Patient demographics and clinical characteristics at baseline for cohort 1 and cohort 2, overall and by HF phenotype (incident patient populations)

                                                                                                                                                                    Cohort 1         Cohort 2                                    
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------- -------------- ------------- -------------- --------------
                                                                                                                                                                                                                                 
  Mean age at HF diagnosis date, years (SD)                                                                                                                         77.4 (12.0)      76.6 (12.6)    74.2 (12.6)   69.9 (13.7)    79.5 (11.0)
  Age at HF diagnosis date, n (%)                                                                                                                                                                                                
   18--54 years                                                                                                                                                     9,041 (5.2)      539 (6.2)      84 (7.5)      273 (13.3)     182 (3.3)
   55--64 years                                                                                                                                                     17,281 (9.9)     859 (9.9)      136 (12.1)    370 (18.1)     353 (6.4)
   65--74 years                                                                                                                                                     34,159 (19.6)    1,951 (22.4)   298 (26.6)    613 (29.9)     1,040 (18.8)
   75--84 years                                                                                                                                                     62,859 (36.0)    2,944 (33.8)   384 (34.3)    543 (26.5)     2,017 (36.4)
   ≥85 years                                                                                                                                                        51,197 (29.3)    2,409 (27.7)   218 (19.5)    248 (12.1)     1,943 (35.1)
  Sex, n (%)                                                                                                                                                                                                                     
   Men                                                                                                                                                              92,740 (53.1)    4,695 (54.0)   547 (48.8)    1,379 (67.4)   2,769 (50.0)
   Women                                                                                                                                                            81,797 (46.9)    4,007 (46.0)   573 (51.2)    668 (32.6)     2,766 (50.0)
  Mean CCI 0--5 years before diagnosis[a](#tfn2-clep-11-231){ref-type="table-fn"} (SD)                                                                              1.5 (2.0)        1.8 (2.2)      1.8 (2.3)     1.6 (2.1)      1.9 (2.3)
  Common comorbidities and risk factors 0--5 years before diagnosis, n (%)[b](#tfn3-clep-11-231){ref-type="table-fn"},[c](#tfn4-clep-11-231){ref-type="table-fn"}                                                                
   Hypertension                                                                                                                                                     63,361 (36.3)    4,501 (51.7)   599 (53.5)    866 (42.3)     3,036 (54.9)
   Atrial fibrillation                                                                                                                                              45,556 (26.1)    2,609 (30.0)   347 (31.0)    429 (21.0)     1,833 (33.1)
   Ischemic heart disease[d](#tfn5-clep-11-231){ref-type="table-fn"}                                                                                                39,977 (22.9)    1,873 (21.5)   189 (16.9)    455 (22.2)     1,229 (22.2)
   Diabetes mellitus                                                                                                                                                31,016 (17.8)    1,616 (18.6)   225 (20.1)    343 (16.8)     1,048 (18.9)
   Cancer                                                                                                                                                           28,580 (16.4)    1,280 (14.7)   190 (17.0)    252 (12.3)     838 (15.1)
   Anemia                                                                                                                                                           16,825 (9.6)     1,073 (12.3)   163 (14.6)    173 (8.5)      737 (13.3)
   Cerebrovascular disease                                                                                                                                          19,425 (11.1)    1,043 (12.0)   103 (9.2)     192 (9.4)      748 (13.5)
   Dyslipidemia                                                                                                                                                     14,448 (8.3)     1,151 (13.2)   148 (13.2)    245 (12.0)     758 (13.7)
   Aortic insufficiency/regurgitation                                                                                                                               9,818 (5.6)      640 (7.4)      135 (12.1)    179 (8.7)      326 (5.9)
  Setting of first HF diagnosis, n (%)                                                                                                                                                                                           
   Hospital inpatient care                                                                                                                                          139,654 (80.0)   4,595 (52.8)   638 (57.0)    1,267 (61.9)   2,690 (48.6)
   Hospital outpatient care                                                                                                                                         34,883 (20.0)    2,042 (23.5)   293 (26.2)    573 (28.0)     1,176 (21.2)
   Primary care                                                                                                                                                     NA               2,065 (23.7)   189 (16.9)    207 (10.1)     1,669 (30.2)

**Notes:**

Data are either number (n) and percentage (%) or mean (SD).

Includes patients with a CCI of 0 (ie, no comorbidities).

Index (HF diagnosis) date for cohort 1 is based on NPR and for cohort 2 on EMR.

Comorbidities occurring in ≥10% of patients in any group are included.

Angina or myocardial infarction.

**Abbreviations:** CCI, Charlson comorbidity index; EMR, electronic medical record; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NA, not applicable; NPR, National Patient Register.

###### 

Key laboratory measures at baseline for cohort 2, overall and by HF phenotype (incident patient population)

  Laboratory parameter                                     Total (N=8,702)            HFpEF (n=1,120)            HFrEF (n=2,047)            Unknown LVEF (n=5,535)
  -------------------------------------------------------- -------------------------- -------------------------- -------------------------- ------------------------
                                                                                                                                            
  LVEF, n (%)[a](#tfn8-clep-11-231){ref-type="table-fn"}                                                                                    
  Missing                                                  5,535                      0                          0                          5,535
  \<0.45                                                   1,663 (52.5)               0 (0.0)                    1,663 (81.2)               0 (0.0)
  0.45--0.50                                               384 (12.1)                 0 (0.0)                    384 (18.8)                 0 (0.0)
  \>0.50                                                   1,120 (35.4)               1,120 (100.0)              0 (0.0)                    0 (0.0)
  NT-proBNP, pg/mL                                         n=7,264                    n=1,032                    n=1,830                    n=4,402
  4,989.6 (8,243.3)                                        4,173.7 (6,697.1)          6,470.3 (10,042.0)         4,565.3 (7,647.0)          
  Systolic/diastolic BP, mmHg                              n=8,412/8,399              n=1,088/1,088              n=1,976/1,973              n=5,348/5,338
  138.5 (25.4)/78.6 (15.0)                                 140.0 (26.1)/76.7 (14.0)   134.2 (24.1)/79.6 (15.3)   139.7 (25.5)/78.6 (15.1)   
  eGFR, mL/min/1.73 m^2^                                   n=4,093                    n=766                      n=1,404                    n=1,923
  54.1 (26.5)                                              52.4 (26.5)                60.9 (27.9)                49.8 (24.3)                
  Hemoglobin, g/L                                          n=8,577                    n=1,114                    n=2,040                    n=5,423
  129.5 (19.2)                                             125.0 (19.8)               133.5 (19.1)               129.0 (18.9)               
  Pulse rate, bpm                                          n=5,105                    n=885                      n=1,435                    n=2,785
  84.3 (20.4)                                              82.1 (19.8)                87.0 (21.3)                83.6 (20.0)                
  Potassium, mmol/L                                        n=8,563                    n=1,107                    n=2,028                    n=5,428
  4.1 (0.6)                                                4.1 (0.6)                  4.1 (0.5)                  4.1 (0.6)                  
  Sodium, mmol/L                                           n=8,404                    n=1,100                    n=2,023                    n=5,281
  139.3 (4.0)                                              139.1 (4.2)                139.2 (3.9)                139.4 (4.1)                
  Creatinine, µmol/L                                       n=8,622                    n=1,116                    n=2,047                    n=5,459
  103.1 (66.5)                                             105.0 (79.5)               101.8 (65.4)               103.2 (63.9)               
  Ferritin, µg/L                                           n=1,374                    n=329                      n=403                      n=642
  325.4 (1,188.8)                                          356.2 (935.6)              365.0 (1,743.0)            284.7 (819.1)              

**Notes:** Data are mean (SD) unless specified. n=number of patients with measurement.

LVEF strata based on data available in the Uppsala County cohort, combining intervals \<0.45. Data from Västerbotten County were processed from a mixture of interval data and exact values to fit data from Uppsala County.

**Abbreviations:** BP, blood pressure; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; bpm, beats per minute; eGFR, estimated glomerular filtration rate.

###### 

COX and Fine and Gray regression analyses of 1-year all-cause and CVD-related mortality with Kaplan--Meier and cumulative incidence function estimates for 1-year mortality (cohort 1, incident HF population)

                                      1-year All-cause mortality[a](#tfn10-clep-11-231){ref-type="table-fn"}   1-year CVD-related mortality[b](#tfn11-clep-11-231){ref-type="table-fn"}                          
  -------------------------- -------- ------------------------------------------------------------------------ -------------------------------------------------------------------------- ---------------------- ----------------------
                                                                                                                                                                                                                 
  **Age, years**                                                                                                                                                                                                 
   18--54                    9,041    5.5% (5.0%, 5.9%)                                                        1 (reference)                                                              2.3% (2.0%, 2.6%)      1 (reference)
   55--64                    17,281   9.8% (9.3%, 10.2%)                                                       1.82 (1.65, 2.01)                                                          5.0% (4.7%, 5.3%)      2.25 (1.93, 2.62)
   65--74                    34,159   16.1% (15.7%, 16.5%)                                                     3.14 (2.86, 3.44)                                                          8.3% (8.0%, 8.6%)      3.82 (3.32, 4.40)
   75--84                    62,859   29.1% (28.7%, 29.5%)                                                     6.18 (5.65, 6.76)                                                          16.2% (15.9%, 16.5%)   7.81 (6.80, 8.97)
   ≥85                       51,197   46.4% (46.0%, 46.8%)                                                     11.38 (10.41, 12.44)                                                       28.3% (27.9%, 28.6%)   14.89 (12.97, 17.09)
  **Sex**                                                                                                                                                                                                        
   Women                     81,797   30.9% (30.6%, 31.2%)                                                     1 (reference)                                                              18.1% (17.9%, 18.4%)   1 (reference)
   Men                       92,740   26.4% (26.1%, 26.6%)                                                     1.07 (1.06, 1.09)                                                          14.8% (14.6%, 15.0%)   1.04 (1.02, 1.07)
  **Year of HF diagnosis**                                                                                                                                                                                       
   2005                      10,737   29.7% (28.8%, 30.5%)                                                     1 (reference)                                                              17.9% (17.1%, 18.6%)   1 (reference)
   2006                      15,749   28.6% (27.9%, 29.3%)                                                     0.93 (0.88, 0.97)                                                          17.4% (16.9%, 18.0%)   0.95 (0.89, 1.00)
   2007                      18,359   28.6% (28.0%, 29.3%)                                                     0.92 (0.88, 0.96)                                                          17.2% (16.6%, 17.7%)   0.92 (0.86, 0.97)
   2008                      19,950   28.7% (28.1%, 29.4%)                                                     0.91 (0.87, 0.95)                                                          16.8% (16.3%, 17.3%)   0.88 (0.83, 0.93)
   2009                      21,017   28.3% (27.7%, 28.9%)                                                     0.88 (0.84, 0.92)                                                          16.1% (15.6%, 16.6%)   0.83 (0.79, 0.88)
   2010                      21,633   28.3% (27.7%, 28.9%)                                                     0.88 (0.84, 0.92)                                                          16.3% (15.9%, 16.8%)   0.84 (0.80, 0.89)
   2011                      22,485   28.3% (27.7%, 28.9%)                                                     0.88 (0.84, 0.92)                                                          15.9% (15.5%, 16.4%)   0.82 (0.78, 0.87)
   2012                      22,594   28.3% (27.7%, 28.9%)                                                     0.88 (0.85, 0.92)                                                          15.6% (15.1%, 16.1%)   0.80 (0.76, 0.85)
   2013                      22,013   28.2% (27.6%, 28.8%)                                                     0.88 (0.84, 0.92)                                                          15.3% (14.8%, 15.8%)   0.79 (0.74, 0.83)

**Notes:**

Patients are censored at emigration (loss to follow-up) and at end of follow-up (December 31, 2014).

Patients are censored at emigration, at death due to non-CVD causes and at end of follow-up (December 31, 2014).

Kaplan--Meier estimates of mortality (1--survival).

Cox Multivariate HR, adjusted for age group, sex and year of HF diagnosis.

End of follow-up restricted to 1 year after second observed HF diagnosis.

Cumulative incidence function estimates of mortality (1--survival).

Subdistribution HR, adjusted for age group, sex and year of HF diagnosis.

**Abbreviations:** CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; SHR, sub-distribution hazard ratio.

###### 

COX and Fine and Gray regression analyses of 1-year all-cause and CVD-related mortality with Kaplan--Meier and cumulative incidence function estimates for 1-year mortality (cohort 2, incident HF population)

                               n (N=6,522)   1-Year all-cause mortality[a](#tfn18-clep-11-231){ref-type="table-fn"}   1-Year CVD-related mortality[b](#tfn19-clep-11-231){ref-type="table-fn"}                          
  ---------------------------- ------------- ------------------------------------------------------------------------ -------------------------------------------------------------------------- ---------------------- --------------------
                                                                                                                                                                                                                        
  **Age, years**                                                                                                                                                                                                        
  18--54                       395           5.8% (3.5%, 8.1%)                                                        1 (reference)                                                              1.8% (0.8%, 3.5%)      1 (reference)
  55--64                       652           9.6% (7.3%, 11.8%)                                                       1.33 (0.81, 2.18)                                                          3.4% (2.2%, 5.0%)      1.69 (0.71, 4.02)
  65--74                       1,460         10.7% (9.1%, 12.3%)                                                      1.49 (0.95, 2.34)                                                          4.1% (3.1%, 5.2%)      1.84 (0.82, 4.10)
  75--84                       2,228         16.6% (15.0%, 18.1%)                                                     2.46 (1.60, 3.79)                                                          6.9% (5.9%, 8.0%)      3.35 (1.55, 7.25)
  ≥85                          1,787         30.5% (28.3%, 32.7%)                                                     4.58 (2.98, 7.04)                                                          16.8% (15.1%, 18.6%)   8.86 (4.12, 19.04)
  **Sex**                                                                                                                                                                                                               
  Women                        3,024         19.8% (18.3%, 21.2%)                                                     1 (reference)                                                              9.8% (8.8%, 10.9%)     1 (reference)
  Men                          3,498         15.6% (14.4%, 16.8%)                                                     0.96 (0.84, 1.10)                                                          7.0% (6.1%, 7.8%)      0.88 (0.72, 1.07)
  **HF diagnosis setting**                                                                                                                                                                                              
  Primary                      1,558         9.1% (7.6%, 10.6%)                                                       1 (reference)                                                              4.8% (3.8%, 6.0%)      1 (reference)
  Secondary                    4,964         20.1% (19.0%, 21.3%)                                                     2.30 (1.88, 2.80)                                                          9.4% (8.6%, 10.2%)     2.04 (1.56, 2.68)
  **HF phenotype**                                                                                                                                                                                                      
  HFpEF                        826           19.3% (16.6%, 22.0%)                                                     1 (reference)                                                              7.4% (5.8%, 9.3%)      1 (reference)
  HFrEF                        1,536         14.3% (12.5%, 16.1%)                                                     0.77 (0.62, 0.96)                                                          7.0% (5.8%, 8.3%)      1.05 (0.75, 1.46)
  Unknown                      4,160         18.4% (17.2%, 19.6%)                                                     0.85 (0.70, 1.02)                                                          8.9% (8.1%, 9.8%)      1.06 (0.79, 1.41)
  **NT-proBNP level, pg/mL**                                                                                                                                                                                            
  0--300                       369           6.5% (4.0%, 9.1%)                                                        1 (reference)                                                              3.5% (2.0%, 5.8%)      1 (reference)
  301--1,000                   946           11.6% (9.5%, 13.6%)                                                      1.45 (0.93, 2.26)                                                          5.8% (4.4%, 7.4%)      1.17 (0.63, 2.16)
  1,001--3,000                 1,813         12.9% (11.4%, 14.5%)                                                     1.49 (0.97, 2.27)                                                          6.1% (5.1%, 7.3%)      1.09 (0.60, 1.95)
  \>3,000                      2,253         24.8% (23.0%, 26.6%)                                                     2.75 (1.82, 4.17)                                                          11.9% (10.6%, 13.3%)   1.90 (1.07, 3.38)
  **Year of HF diagnosis**                                                                                                                                                                                              
  2010                         1,392         18.5% (16.4%, 20.5%)                                                     1 (reference)                                                              8.5% (7.1%, 10.0%)     1 (reference)
  2011                         1,644         17.0% (15.2%, 18.9%)                                                     1.04 (0.86, 1.27)                                                          8.2% (6.9%, 9.6%)      1.06 (0.81, 1.40)
  2012                         1,661         16.6% (14.8%, 18.4%)                                                     1.02 (0.83, 1.24)                                                          7.6% (6.4%, 8.9%)      0.90 (0.68, 1.19)
  2013                         1,825         18.2% (16.4%, 20.0%)                                                     1.13 (0.94, 1.36)                                                          8.9% (7.6%, 10.2%)     1.11 (0.86, 1.45)

**Notes:**

Patients are censored at emigration (loss to follow-up) and at end of follow-up (December 31, 2014).

Patients are censored at emigration, at death due to non-CVD causes and at end of follow-up (December 31, 2014).

Kaplan--Meier estimates of mortality (1--survival).

Cox Multivariate HR, adjusted for age group, sex, and year of HF diagnosis, as well as setting of HF diagnosis, HF phenotype, and NT-proBNP level.

End of follow-up restricted to 1 year after second observed HF diagnosis. The end of follow-up is equivalent between cohort 1 and cohort 2 (Uppsala and Västerbotten counties).

cumulative incidence function estimates of mortality (1--survival).

Sub-distribution HR, adjusted for age group, sex, and year of HF diagnosis, as well as setting of HF diagnosis, HF phenotype, and NT-proBNP level.

**Abbreviations:** CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio, NT-proBNP, N-terminal pro-B-type natriuretic peptide; SHR, sub-distribution hazard ratio.
